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• Transaction costs are directly related to both scheme design and scheme implementation.
• Considering transaction costs does not necessarily mean reducing them -indeed, efficient program design may require increased transaction costs in order to more confidently deliver the desired outcome.
Transaction costs -a necessary evil?
Agri-environmental schemes, which are designed to support private land managers in delivering positive environmental outcomes, involve a range of costs to government and landholders. These include the direct costs from implementing desired agri-environmental management actions (materials, labour, and equipment), opportunity costs from changes to agricultural production, transformation costs (physical or other changes to the business to allow the management actions to be implemented), and transaction costs (arising from program design, implementation, and management). While direct costs are generally highly visible and well reported, transformation and transaction costs are often less obvious and are neglected in analyses. Transaction costs are a particularly pervasive, yet relatively recent concept in economics, important in the design and implementation of agri-environment schemes. So what are these transaction costs? There are three overlapping definitions that apply somewhat differently depending on the particular environmental issue that a scheme is concerned with. From the perspective of the organisations involved in an agri-environment scheme, transaction costs relate to the costs of gathering information, negotiating or otherwise identifying who to pay, who to be paid by, and how much, as well as contracting, monitoring, and enforcement (Williamson 1998) . These costs apply to the scheme proponent (usually government agencies or third parties engaged by government) and to firms, individuals (i.e. landholders), or other agents engaging in the scheme (McCann et al. 2005) . They are generally held to include the direct costs of designing the scheme, but a narrower definition applied by North (1990, pp. 1-35) limits transaction costs to the costs of specifying and supporting the contract. This definition is most relevant in direct comparison of existing agri-environment schemes designed for the same purpose, where the costs of designing the instrument can be considered sunk or legacy costs, and evaluation only applies to future efficiency.
The third definition applies when social coordination is required to produce the desired outcome -such as biodiversity corridors or management of a common water resource (Reeson et al. 2011 ).
The costs of social coordination, through collective action, consultative planning or other measures would then be included as a transaction cost (Ostrom 1990 ). While such coordinated action is by no means unusual in agri-environmental settings, most schemes are designed and intended to interact with individuals separately, even where a socially coordinated outcome is intended. These schemes are also sufficiently novel that they are not generally available off the shelf and involve at least some investment in refining their design and implementation for a particular context. The relevant transaction costs in the most common agri-environmental settings include design, implementation, and administration costs across proponents and participants. Design and implementation costs do not generally involve changes to the institutional environment and legal settings when the scheme is limited to payments to landholders for existing rights, but may if the scheme involves creation of tradeable rights that are then purchased -such as in new water markets or biodiversity offset schemes.
Transaction costs may be monetary costs (e.g. administrative staff, legal advice on contracts, cost of travel to meetings to discuss the transaction), opportunity costs (e.g. time invested in exploring incentive options that would otherwise have generated an income), and non-monetary costs (e.g. time spent managing business affairs instead of recreation). A summary of the likely range of transaction costs in agri-environment schemes, drawing in particular on Coggan et al. (2010) , is set out in Table 16 .1. These costs will vary from scheme to scheme depending on:
• The type of transaction (e.g. simple versus complex, once-off or long-term) which is linked to the type of scheme. It will also depend on transaction uniqueness, frequency, and uncertainty in various elements, including ease of observing actions and outcomes, timelags to environmental effects.
• Who is involved in the transaction -especially their prior experience, opportunism or extent of self-interested strategic behaviour.
• Other influences including previous and other policy and procedures, trust in administrators, comfort with policy principles and social connectedness (Coggan et al. 2010) .
Two recent themes in the transaction cost literature have refined our understanding of transaction costs in agri-environment schemes. Firstly, transaction costs have a dynamic element through time (which partly covers our earlier point about when transaction costs can be considered sunk and thus irrelevant to informing current decisions) as the effectiveness of instruments through time and under different demands will change with experience, technology, and other factors (Arrow 1962; Falconer et al. 2001; Fang et al. 2005; McCann et al. 2005) . This is particularly relevant to trading schemes, but could also apply to impacts of technological change on, for example, monitoring in grant schemes.
Secondly, a broader emphasis has arisen towards the role of transaction costs in evaluating overall policy efficiency, rather than on measuring transaction costs in isolation (see Pannell et al. 2013 , for example).
There are a number of very good studies either stepping through the process of measuring the transaction costs of agri-environmental and broader environmental policy (see McCann et al. 2005; Kuperan et al. 2008) 
Transaction costs are not trivial
A number of researchers have directed their attention toward the empirical assessment of transaction costs across a wide range of settings. Estimates of transaction costs to scheme administrators and proponents have ranged from <1-100 per cent of the payments made to scheme participants. For instance, studies carried out in the US show that public transaction costs represent a substantial part of total costs incurred in designing a policy objective, with a magnitude ranging from 8 per cent of the water purchase cost (Howitt 1994) (Coggan et al. 2014 ). On the proponent and administrator side of the equation, Binney et al. (2010) indicate that the costs to the Australian Government of the Environmental Stewardship Program was around 10 per cent, and the (Tasmanian) Forest Conservation Fund was around 11 per cent of total scheme costs, although these exclude some elements of investigation, design, and establishment. Our own experience with one regional Victorian catchment management authority with substantial experience in agri-environment scheme delivery identified ongoing transaction costs (i.e. only implementation, scheme management, and some elements of monitoring and compliance) of around 10 per cent of total costs for a tendering program, and 95 per cent of program costs for a parallel grant scheme. Differences resulted from the grant scheme funding smaller projects, requiring a minimum cost-share from landholders, and apparently requiring additional recruitment effort into a less flexible program.
So we can see that transaction costs are likely to vary across applications and the type of scheme implemented. In Table 16 .2, we set out some of the likely differences in costs across different types of agri-environment schemes, namely grants (rule-based allocation of funds, often with or without consideration of cost-effectiveness), tendering or reverse auction approaches (funds allocated competitively to landholder applicants based on relative costeffectiveness), and offset schemes (usually negotiated contracts with landholders). We note that indicating the per unit costs is difficult because transaction costs are made up of fixed and variable costs. Fixed costs are not strongly influenced by the amount of payments or participants, while variable costs are directly related to participation. Table 16 .2: Likely differences in transaction costs between agri-environmental payment approaches.
Transaction cost Grants Conservation tenders Offset payments
Information about the problem Costs unlikely to differ across schemes, although there will likely be additional lobbying and consultation costs in two-sided markets, such as offsets.
Scheme selection and development
Usually can be adapted from existing approach (likely to be less reliance on metric for assessment).
Greater costs in bid assessment and possibly in differential contracts .
Design of more rigorous assessments on both market sides and potentially a trading mechanism. Usually at least some landholder selfmonitoring.
Usually at least some offset provider ongoing selfmonitoring required.
Compliance monitoring is low across all schemes in practice but should logically be higher for more complex and ongoing schemes.
Ecological evaluation and program evaluation and improvement highly dependent on whether the scheme is formally evaluated or repeated. Will usually be higher for a trading mechanism because it is explicitly ongoing but so little is done in practice that costs unlikely to differ.
So which costs are likely to matter most? Available data mostly focuses on costs from the establishment stage onwards. For example, the National Market Based Instruments Pilots program (BDA Group 2009) and Binney et al. (2010) focus on costs to government and natural resource management (NRM) groups once a particular approach has been selected. Most of these establishment costs are likely to be fixed (though investment in human skills can be easily lost). The major transaction costs to government are likely to be implementation costs, particularly where site visits and heterogeneous or customised contracts are required. While transaction costs such as these are often unavoidable, some measures can be taken to reduce the cost. Retaining corporate knowledge on processes and data collection methodologies for site visits is one solution. Targeting schemes to critical landholders where customised contracts are required is another. Metric design is often thought to be expensive, but was less than 1 per cent of the environmental stewardship program budget (Binney et al. 2010) . Good data storage and use of corporate knowledge could have been contributing factors here. On the private side, transaction costs appear to be driven by complexity of both the scheme and the individual interaction required more than scheme type, although there are few studies that actively examine the differential aspects of transaction costs (see Chapter 21 for some insights on conservation tenders, for example). Timely, clear and consistent communication of scheme requirements by the administrator, along with easy access to information for private parties, can significantly reduce private transaction costs (Coggan et al. 2013) .
Conclusions
Transaction costs for agri-environment schemes are the cost of time and effort, as well as direct expenditure incurred in scheme investigation, design, implementation, management and administration, and monitoring and evaluation. The scale and distributional burden of transaction costs should be carefully considered alongside other costs and benefits from agri-environment schemes, as an essential element of understanding whether government policy is efficient, or at least cost-effective. Of course, in some settings, some costs are sunk and should not be considered in an analysis of the comparative efficiency of different schemes. Hence, it is important for scheme proponents and designers to identify which are likely to be the most important transaction costs, who bears them, and how they impact on different elements of scheme design or implementation.
The purpose of considering transaction costs is not necessarily to minimise or reduce them. Instead, a focus on efficient program design may require increased transaction costs in order to focus more closely on delivering the desired outcome. That is, different program designs will have different implications for transaction costs and overall efficiency. Despite the increasing number of transaction costs analyses, none focus on the potential for efficiency dividends to be achieved from higher transaction costs, and this would seem to be a particularly useful area to explore given the emphasis on minimising delivery overheads. Delivery and implementation of agri-environment schemes can benefit from a closer focus on transaction costs.
